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(54) Transmission with a speed 
reducer and two-speed gear 

(57) A plurality transmission for an 
electrically powered vehicle includes 
an output shaft having a central axis 
12 and a carrier gear 14 mounted to 
rotate about that axis. The carrier 
gear is driven by at least one electric 
motor 40, 42 and is coupled to the 
output shaft by an over-running 
clutch 16. A plurality of planetary 
gears 22, 24 are mounted on shafts 
18, 20 which are attached to the 
carrier gear and positioned to engage 
a sun gear 28 on the output shaft 
and a ring gear 30. A housing 38 
surrounds the gear assembly and a 
brake mechanism is provided to 
inhibit rotation of the ring gear 
thereby increasing the speed of the 
output shaft relative to the speed of 
the carrier gear. 
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SPECIFICATION 

Transmission with a speed reducer and 
gear shifter 

5 

This invention relates to mechanical transmis- 
sions for electrically driven vehicles, and more 
particularly to such transmissions which in- 
clude a speed reducer and gear shifter. 

10 The power plant for an electric drive for a 
land vehicle consists of an engine driven alter- 
nator or generator, electrical power 'conversion 
equipment, motors and associated solid state 
controllers, and a mechanical transmission be- 

15 tween the motors and a traction device. The 
traction device requires a high torque with in- 
put speeds from zero up to a few hundred 
revolutions per minute in each direction. In or- 
der to use smaller and lighter electric motors, 

20 it is desirable to have high speed motors 
capable of producing adequate power to ac- 
celerate the vehicle forward and backward, to 
turn the vehicle, and to drive the vehicle- up an 
incline. Therefore, a transmission which pro- 

25 duces a speed reduction is required. In addi- 
tion to a speed reduction, a speed shifter 
within the transmission is desirable to produce 
maximum torque at low vehicle speeds; 
The principal object of the invention is a 

30 transmission providing speed reduction and 
speed shifting between one or more electric 
motors and an output shaft. 

With this object in view, the present inven- 
tion resides in a transmission for an electri- 

35 caily powered vehicle comprising an output 
shaft having a central axis, a carrier gear 
mounted to rotate about said central axis, an 
over-running clutch connected in a driving rela- 
tionship between said output shaft and said 

40 carrier gear, a plurality of planet gear shafts 
extending from circumferentially displaced po- 
sitions on said carrier gear, a plurality of 
planet gears wherein one of said planet gears 
is mounted to rotate about each of said planet 

45 gear shafts, a sun gear connected to said out- 
put shaft and engaged with each of said 
planet gears, a ring gear mounted to rotate 
about said central axis and engaged with each 
of said planet gears, and a transmission hous- 

50 ing characterized by a means for inhibiting ro- 
tation of said ring gear with respect to said 
housing, and an electric motor attached to 
said housing and having a motor shaft 
mounted in a driving relationship with said 

55 carrier gear.' - 

The preferred embodiment of the invention 
will be described, by way of example, with 
reference to the accompanying drawings in 
which: 

60 Figure 1 is a side view, partially in cross 
-section, of a transmission constructed' in ac- 
cordance with the present invention; and 

Figure 2 is a cross section of the transmis- 
sion of Figure 1 taken along line ll-ll. : j e 

65 Referring to the drawings, Figure 1 is a 



schematic side view, partially in cross section, 
of a transmission constructed in accordance 
with one embodiment of the present inven- 
tion. This transmission includes an output 
70 shaft 10 having a central axis 12. A carrier 
gear 14 is mounted for rotation about the 
central axis and is coupled to the output shaft 
in a driving relationship by an over-running 
clutch 16. A plurality of planet gear shafts 18 
75 and 20 extend from the carrier gear 14 at 
circumferentially displaced locations. Planet 
gears 22 and 24 are rotationally mounted on 
each of these planet gear shafts. A support 
ring 26 is attached to one end of each of the 
80 planet gear shafts. Sun gear 28 is connected 
to output shaft 10 and mounted to engage 
each of the planetary gears. A ring gear 30 is 
mounted for rotation about the central axis 
and also engages each of the planetary gears. 
85 A flange 32 extends radially outward from the 
ring gear. A brake assembly 34 which in- 
cludes brake pads 36 is positioned over a 
portion of the radially extending flange 32 to 
inhibit rotation of the ring gear with respect to 
90 the transmission housing 35. This brake as- 
sembly is constructed in accordance with 
known technology. A second brake 52 is pro- 
vided at one end of the output shaft. This 
second brake assembly is also constructed in 
95 accordance with known technology. It pre- 
vents movement of the vehicle when it is 
parked and can also serve as an emergency 
brake. Motors 40 and 42 having shafts 44 
and 46, respectively, are mounted on housing 

100 38. The motor shafts 44 and 46 include pi- 
nions 48 and 50, respectively, which engage 
teeth along the periphery of carrier gear 14. 

Figure 2 is a cross section of the transmis- 
sion of Figure 1 taken along line ll-ll. A por- 

105 tion of the housing 38 in Figure 2 has been 
cut away to illustrate the driving relationship 
between motor pinion 48 and teeth 54 on the 
periphery of carrier gear 14. Similarly, radially 
extending flange 32 has been cut away to . 

1 10 illustrate brake pad 36. In this view, four plan- 
etary gears are illustrated. However, it should 
be understood that this invention is not limited 
to this particular number of planetary gears. 
Furthermore, although two motors are illus- 

115 trated in Figures 1 and 2, this invention is 

equally applicable for use with a single motor 
or a larger number of motors. 

The transmission of Figures 1 and 2 accom- 
modates high speed motors and provides 

120 speed reduction with a speed shifter. The mo- 
- tor shaft pinions are sized to produce a high 
speed reduction between the motor shaft and 
the output shaft of the transmission. For initial 
acceleration of the vehicle, the brake 34 is 

125 disengaged so that ring gear 30 is free to 
rotate. For this mode of operation, torque 1 is 
transferred from the carrier gear 14 through 
- •the overrunning clutch 16' to the output shaft 
10. This produces a direction of rotation of 

130 the output shaft which may be used to drive 
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the vehicle in a first direction. When the 
transmission output shaft 10 is being driven 
by the carrier gear 14 through the overrunning 
clutch 16, maximum speed reduction is 
5 achieved. On start-up, at zero speed, the 
locked rotor torque of the motors is multiplied 
by the gear ratio between the carrier gear and 
the motor pinions to produce the start-up tor- 
que for the vehicle traction device. As the 

10 speed of the vehicle increases, the electric 
motors reach maximum operating speed be- 
fore the vehicle reaches maximum speed. At 
this point, a speed shift occurs within the 
transmission. 

15 The speed shift is accomplished by using 
the brake 34 to apply a frictional force to the 
radially extending flange 32 on the ring gear 
30. As the ring gear, slows down, the planet 
gears which are carried by the carrier gear 14 

20 apply torque to the sun gear, thereby rotating 
the output shaft. The sun and planetary gears 
are designed to increase speed of the sun 
gear relative to the carrier gear when the 
brake 34 is applied to reduce rotation of the 

25 ring gear. For a continuous mode of operation 
at maximum speed, sufficient brake torque 
would be applied to prevent rotation of the 
ring gear 30. The speed shifting planetary 
gear arrangement is designed such that the 

30 maximum allowable speed of the motors coin- 
cides with the maximum desired speed for the 
vehicle. For example, assume (1) the maximum 
allowable motor speed is 24,000 revolutions 
per minute, (2) the maximum desired speed of 

35 the vehicle is 60 miles per hour, and (3) the 
planetary gear shift is designed to increase the 
speed of the output shaft by a factor of three 
by application of brake 34. For this situation 
the transmission is designed to produce a 

40 vehicle speed of 60 miles per hour with the 
motors operating at 24,000 revolutions per 
minute with the power transferred through 
carrier gear 1 4, planet gear 22 and 24 and 
sun gear 28. Brake 34 is applied to prevent 

45 rotation of the ring gear 30 for this situation. 
The speed of the vehicle between 60 and 20 
miles per hour is controlled by varying the 
speed of the motors. At 20 miles per hour 
the motor speed would be 8,000 revolutions 

50 per minute with brake 34 applied. In order to 
produce maximum torque at 20 miles per hour 
or less, brake 34 is released and the motor 
speed is increased to maintain the desired 
vehicle speed. The torque is transferred 

55 through over-running clutch 16 for this situa- 
tion. 

Reverse movement of the vehicle is pro- 
vided by reverse rotation, of the motors. ; Since 
clutch 16 is an over-running clutch, reverse 
60 rotation of the output shaft occurs only when 
: brake 34 is applying a frictional force to 
.: flange 32. Dynamic braking can be provided 
by operating the motors as generators with 
the energy being consumed in an associated 
65 resistor bank. 



The disclosed transmission is compatible 
with high speed, high power motors that are 
light and compact. These motors can be 
cooled by spraying oil onto the ends of the 

70 windings, since the active length of the motors 
is small. A small active* length is permitted by 
virtue of the high rotational speed of a plural- 
ity of motors. Speed shifting provides maxi- 
mum output shaft torque at low speeds for a 

75 given horse-power rating of the drive motors 
at their maximum speed. 

CLAIMS 

1 . A transmission for an electrically pow- 

80 ered vehicle comprising an output shaft having 
a central axis, a carrier gear mounted to rotate 
about said central axis, an over-running clutch 
connected in a driving relationship between 
said output shaft and said carrier gear, a plu- 

85 rality of planet gear shafts extending from cir- 
cumferentially displaced positions on said car- 
rier gear, a plurality of planet gears wherein 
one of said planet gears is mounted to rotate 
about each of said planet gear shafts, a sun 

90 gear connected to said output shaft and en- 
gaged with each of said planet gears, a ring 
gear mounted to rotate about said central axis 
and engaged with each of said planet gears, 
and a transmission housing characterized by a 

95 means for inhibiting rotation of said ring gear 
with respect to said housing, and an electric 
motor attached to said housing and having a 
motor shaft mounted in a driving relationship 
with said carrier gear. 
100 2. A transmission as recited in claim 1, fur- 
ther characterized by: 

a flange extending radially outward from 
said ring gear; and 
wherein said means for inhibiting rotation of 
105 said ring gear includes a brake for applying 
frictional forces to said flange, said brake be- 
ing mounted in a fixed position with respect 
to said housing. 

3. A transmission as recited in claim 1 fur- 
1 10 ther characterized by said ring gear having a 

plurality of peripheral teeth and wherein said 
motor shaft includes a pinion positioned to 
engage said teeth. 

4. A transmission as recited in claim 1 fur- 
1 1 5 ther characterized by said means for inhibiting 

rotation of said ring gear with respect to said 
housing having a brake mounted in a fixed 
position with respect to said housing. 

5. A transmission as recited in claim 1 fur- 
120 ther characterized by: 

a second electric motor attached to said 
housing and having a second motor shaft 
mounted in a driving relationship with said 
carrier gear; and 
125 wherein said ring gear includes a plurality of 
peripheral teeth and wherein each of said mo- 
Y^tor shafts includes a pinion positioned to en- 
gage said teeth. 
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